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COMPUTER ANIMATION GENERATOR mapping, it is necessary to also pay attention to the texture 

. a<Uiered to the model plane. That is, it is necessary to prevent 
iliisapphcationisacoDtinnationof application Ser. No. a deterioration in the appearance of the model due to a 

08/755,129, filed on Nov. 25, 1996, now U.S. Pat. No. deformation of the texture shape at the time of approxima- 

5,963,668. 5 tion and to prevent the occurrence of a problem such that the 

RAn-runi imi^ rvc -nji. .Kr,^K.^-.xv. amount of work is increased since the texture must be again 

BACKGROUND OF THE INVENTION adhered to the approximated model. 

1. Field of the Invention In pas' studies, according to Francis J. M. Schmitt, Brian 
TTie present invention relates to a method and apparatus m ^^'f?' 9"' Adaptive Subdivision 

for hierarchically approximating shape data with an imaee 'O r ^ nn'^xf '"i^ Sampled Data", Computer 

in which the data amount is reduced by rSudnT Te ^^'"^■.^ • 2°. No 4. August, 1986. although the shape 

complexity of the shape of a geometric model S b uled di^^S t. ^ """"^ '° " 

ingenera,ingCG(Co^pu.erLaphics).therebyen:E.rng"t^e JoTygr^'Ta'rg? " " ' 

hke since a shape which was approximated so as not to give in the above paper can be applied to a round shape it is not 
a sense of mcongruity is changed. suitable for a square shape and a general shape is not a 

2. Description of the Prior Art ^ target. Further, it is not considered to approximate the shape 
When drawing using a model as part of computer °" *e basis of characteristic points of the object shape. 

graphics, the same model may be used repeatedly. For Further, according to Hugues Hoppe et al., "Mesh 

example, as shown in FIG. 14, a detailed original model Optimization", Cbmputer Graphics Proceedings, Annual 

having data of 100% is formed and the CO is drawn on a ' Conference Series. SIGGRAPH 1993, a model is approxi- 

display by using it repeatedly When the model is arranged " P * ^l""*^ ^'^^ ^^^'SV is introduced to an 

in a far position in a picture plane and is rendered smaUer «^»'"»f'°'» f "if approximated model, and operations for 

the same model stiU is used, and the degree of details of the '^'°°^">8 «dge, dividmg the patch, and swapping the 

model is not changed. Therefore, the time required for the f «PMted so as to minimize the energy. According 

drawingdependsonthedegreeofdetailofthemodelandthe . , P^^^'' it is necessary to 

number of models ^ execute a long repetitive calculation until the minimum 

However, when the observer pays no attention to the £,h J^^*! """^^ 'f ^^^^ 
model because the model is minin^zl^ and loS smalt on Ta r^ n"er sMaZ o\ht?^^^^ °' " 
the picture plane or the model . out of a Urge, point of the Z LZ^Xtr rm"^."^ 

S^:=rci w Xt" ' """"" 

sunilar model m which a degree of detail is decreased to a R„r,t,„, „ ,u •_. • • 

certain extent by using a method of reducing the number of the "Sure a?hered'To"]hriT^^ " """"" '° 

vertices of the model, reducing the number of planes of a r .i t . f T ^PP^^^^afon. 

polygon, or the like, it can ap^ar as if the samfrdel i ^ froZr.SL trn''"' .h ' ^PP™'"^?'' "^'^ 

used. FIG. 15 shows such an example. When the model is to ZhlJn?^ ^'^u'^uu ' P™'''*'" 

appear at a distance and its size on the picture plane is small, ^2^/,^ """""^ *u "^""^^ 

as shown in the example, it is sufficient to draw the CG by »PP'«»'Bated model after the approximation, 

using models in which data is reduced to, for example 50% As menUoned above, the past studies have problems 

or 25% from that of the original model and for which the « "fg^ding the approximation of a model when a polygon is 

degree of detail is reduced. By using a model having a data u"' ^ ^ ""iventional method has problems .such 

amount smaller than that of the original model as mentioned , ' application of the shape approximation is limited, a long 

above, a high drawing speed can be realized calculation time is necessary for approximation, and the 

Such an approximation of the model is useful for the W^xmiation m which required characteristic points are 

drawing of the CG display as mentioned above. However, if 50 ^'^tylf The approx maiion of figure data 

the data amoum of the model is simply reduced by approx - ° '"''f ' ^^'^"^'"^ of continuous layers, in which the 

mating the details of the model, the observer feels incon- "1^^^^'° 

gruilywhenheseestheapproximatedmodellfthissenseof "^fi^^J"^^ 

mcongmiiy can be suppressed, requests for both of the . ... 

drawing speed and the drawing quality can be satisfied For 55 ^ , " Wroxunation is executed to the geometric 

this purpose, it is desirable to reduce the data amount in a T° '° ""^"^^ ""^ '^"'"'^ adhered, there is a problem in 

manner such that a general characteristic portion of the * '° P'*"^"' " '1"^''>' deterioration after the 

model is left and the other portions are reduced Hitherto approxunation, by keeping the shape of the texture adhered 

such an approximation of the model is often executed by the' '° ' "^"^ * problem in that a 

manual work of a designer, so that muchexpen.se and time 60 elmiinate the necessity to newly adhere the 

are nece.ssary for the above work '^""^ approximation is not taken. Further, there is 

Amethod of obtaining a more realistic image by adhering fhrSZ^.^llf "PP^.^^^^f ^ "^^'^ '^^ «'^'^'«'«* °f 

a twoKlimensional image to a plane of a model as a drawing " 

target is generally used. This is called a texture mapping, OBJECTS AND SUMMARY OF THE 

The image that is adhered in this instance is called a texture. 65 INVENTION 

When the approximation of the shape as mentioned above is It is, therefore, an object of the invention to provide a 

executed to the model which was subjected to the texture method and apparatus for hierarchically approximating fig- 
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l^S:jZZA%,^rr^^ DESCRIPnON OF TOE DRAWINGS 
ity of the drawing. FIG. 1 is a flowchart of a hierarchical approximation of a 
ll is another object of the invention to provide a method texture mapped polygon model according to the invention; 
and apparatus for hierarchically approximating figure data 5 2 is a diagram showing an example of a drawing 
with an image as if the approximation of a geometric model apparatus that can be adhered to the invention- 
is performed m consideration of the existence of a texture FIGS. 3A and 3B are schematic diagrams for explaining 
X ^- . . . equation (1); *^ ^ 
According to the invention, in order to solve the above piGS 4A anH dn ^h^rr..*- a- 
problems, there is provided a hierarchical approximating evf^mnLf / t ^ ^'^^'^^^^ '° 
method of shape data for approximating shape data to datf ^'"'""J?^" ' ^''^"^ P^^^^°" 

of a desired resolution, comprising the steps of: evaluating FIGS. 5A and 5B are schematic diagrams showing an 

an importance of each of the edges which construct the example of a method of determining a position at which a 

shape data; removing an unnecessary edge on the basis of a vertex to be left is put; 

result of the edge evaluation; and determining a vertex FIGS. 6A and 6B are diagrams schematically showing an 

position after the unnecessary edge was removed. example in which a texture is allocated on a certain plane of 

According to the invention, in order to solve the above ^ polygon model; 

problems, there is provided a hierarchical approximating FIGS. 7A and 7B are diagrams schematically showing an 

method of shape data with an image for approximating integration of vertices and texture coordinates in association 

shape data to which image data was adhered to data of a with an edge removal; 

whi^h^Jir*^^''!^' T^'^i"^ ' determining '° FIGS. 8A to 8C are diagrams for explaining that the 

which edge m the shape data should be removed upon texture is changed by the integration of the verti^s' 

the edge removal determination; and removing an unneces- pin m ic. enh.m,*^. ^- , , PO ygon, 

sary vertex in the image data adhered to the shape data in J^^' "^^^^^hematic diagram for explaimng an equation 

accordance with outputs from the edge removal determining ^ ^'^ , , . 

step and the vertex movement determining step and moving *° ^ ^® schematic diagrams showing 

a vertex on the image data in accordance with the new vertex examples of a method of forming an approximate model of 

position in the shape data. ^ mi66le layer; 

According to the invention, in order to solve the above a diagram schematically showing an example 

problems, there is provided an approximating apparatus for ?^ ^ proces.sing result according to an embodiment of the 

figure data for approximating shape data to that of a desired "^^ention; 

resolution, comprising: evaluating means for evaluating an ^'G. 13 is a diagram schematically showing an example 

importance of each of the edges which construct the shape ,5 ^ processing result according to an embodiment of the 

data; edge removing means for removing an unnecessary invention; 

edge on the basis of a result of the edge evaluation; and FIG. 14 is a schematic diagram showing an example of a 

vertex position determining means for determining a vertex CG drawing according to a conventional method; and 

position after the unnecessary edge was removed. FIG. 15 is a schematic diagram showing an example of a 

According to the invention, in order to solve the above 40 desirable CG drawing, 
problems, there is provided a hierarchical approximating 

apparatus for figure data with image data for approximating DETAILED DESCRIPTION OF THE 
shape data to which image data is adhered to data of a PREFERRED EMBODIMENTS 
desired resolution, comprising: edge removal determining An embodiment of the invention will now be described 
means for determining which edge in the shape data is 45 hereinbelow with reference to the drawings FIG 1 is a 
removed upon approximation; vertex movement determin- flowchart for a hierarchical approximation of a geometric 
ing means for deiermimng a new vertex position in the shape (polygon) model that was subjected to a texture mapping 
data atter the edge removal; and image data removal and according to the invention. FIG. 2 shows an example of a 
movement determmmg means for removing an unnecessary strucmre of a drawing apparatus that can execute the pro- 
vertex in the image data adhered to the shape data in 50 cesses of the flowchart 

accordance with outputs from the edge removal detemnining As shown in FIG. 2, the drawing apparatus can be 

ZTJt T " movement determining means and for constructed by a computer with a s^ard EL^^^^ 

, .. . . disk dnve (FDD) 2, magneto-optic disk (MO) drive 3. or the 

According to the invention as mentioned above, (he 55 like; a data processing apparatus constructed by a CPU 4, an 

mportance of each of the edges of the shape data is RAM 5, and the like; an external memory apparatus such as 

evaluated, the unnecessary edge ^s removed on the basis of hard disk 6. semiconductor memory 7, or the like- and a 

H H fi ^7 T'" ^^'^ ''^P'^y 'PP»""^ « ^""^h »^ ^ CRT or the like, and in which 

determmed, and further, the vertex is moved on the image those component elements are respectively connected by a 

^ am accordance with the new vertex position. Thus, the 60 bus 9. As an input device, a mouse or the like may also be 

shape data can be approximated so that the change in shape u.sed. The floppy disk drive 2 and MO drive 3 are also used 

fi'l .t^T'^''''®^ °f 'he image data as data output devices. Further, data can be also suppUed 

adhered to the shape model. from a network such as the internet. THe above strucmre is 

iHe above and other objects and features of the present an example and the actual drawing apparatus can have 

invention will become apparent from the following detailed 65 various constructions. 

description and the appended claims with reference to the First, processes in the flowchart shown in FIG. 1 will be 

accompanying drawings. schematically described. A texture as image data is allocated 
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and adhered to each plane of a polygon. In the invention, in extent to which the edges constructing the model contribute 

order to approximate the polygon, edges constructing the to the general shape, namely, the importance of each edge is 

polygon are removed and the shape is approximated. Since evaluated and the removal is executed to remove the edge 

the shape of the polygon is merely approximated by only with the smallest evaluation value. In step S2, the impor- 
removing the edges, in order to approximate the texmres 5 lance of each edge is evaluated 

allocated to the planes of the polygon, an optimization is in order to select the edge which is suitable to be removed 

rrrv!f ''V S':^^"^^ ^^^^^^ -^^^ by obtaining the evaluation value, an evaluation funcdon Z 

removal and movmg the coordmates of the texmres. evaluate the extent to which each of the edges constructing 

In the first step SI, ongmal polygon data is inputted. The the polygon model contributes to the shape of the polygon 
texmre is adhered to each plane for the inputted polygon lo model is introduced. The following equation (1) shows an 

data. The input of the data and the adhesion of the texture are example of the evaluation function. FIGS. 3A and 3B are 

manually performed from the keyboard 1 or by a method diagrams for explaining the equation (1). 
whereby data which has been made in another place and 

stored in a floppy disk or an MO disk is read out by the FDD fi\-Viv mi m 

2 or MO drive 3. The polygon data can be also inputted 15 + i'^ 

through a network such as the internet. 

In step S2, each edge of the inputted polygon data is 

evaluated for performing the edge removal. In the edge where 
evaluation in step S2, each edge of the inputted polygon data VHA^£)xA, 
is converted into a numerical value by a method, which will ^ ^' 

be described below, and is set to an evaluation value. In step 'I^^M.- 

53, the evaluation values of the edges obtained in step S2 are PIG. 3B shows an example in which a part of a spherical 
sorted and the edge having the minimum evaluation value is polygon model shown in FIG. 3A in which each plane is 
selected. The processing routine advances to step S4. In step bounded by a triangle is enlarged. By the equation (1), an 

54, the edge having the minimum evaluation value that was ^^g^ ^ constructed by two vertices v^ and v^ is evaluated, 
selected in step S3 is removed. With respect to the vertices v^ and Vj bounding the edge 

When the edge is removed in step S4, the processing Vj), when sets of planes including them as vertices 

routine advances to step S5. In step S5, the position of the assume S(v^) and SCvj), a range of i is set to S(v,)US(v2). 
vertex which remains after the edge was removed in step S4 l^iilO in the example shown in FIG. 3B. In the 

is determined. In step S6, the texture portion which becomes diagram, E denotes a vector having the direction and length 

unnecessary in association with the edge removal is of the edge e; N, denotes a unit normal vector of each plane; 

removed and the positions of the remaining texture coordi- ^ denotes an area of the plane; and |E| a length of the vector 

nates are determined. ^• 

Approximated polygon data that was approximated at a The equation (1) is constructed by two terms. The first 

precision of one stage and was subjected to the texture t^rm V. shows a volume amount which is changed when the 

mapping is obtained by the foregoing processes in steps S2 ^^^^ ^ evaluation target is removed, llie volume amount 

to S6. The edge removal, the determination of a new vertex ^^'^ "^^"^^^^ ^ ^''^''^^ """^^^^^ ^ ^^^P^ specified by the 
and the process of the texture in association with them are ^^^^ polygon. The second term S, shows a value 

repeated by repeatedly executing the processes in steps S2 to o*)tamed by multiplymg the planes existing on both sides of 
S6. Consequently, the approximated polygon data, which ^ the target edge with the length of the target edge. It denotes 

was subjected to the texture mapping can be obtained at a ^change amount of the volume of the plane including only 

desired precision ^'^^ ^^""S^^ ^S^- CoefiBcients a and b are multiplied to the two 

When the approximated polygon data that was subjected ScSd l^TiS ^^f^^ °^.'k' 'T 

o^n^edr sTr " ' ^^^^'*°h" - srrcs^ir^o^eSr^'''""'''^^™^'^''^^^""^ 

obtained (step S7), the processing routine advances to step , \/ i i j j .u • ■ ^ 

S8. The obtained approximated polygon data that was tex- ^' P^"''* °^ peripheral shape 

ture mapped is drawn on the di^ay apparatus 8 m t^f^'t^ evaluation target On the other hand, the 

obtained approximated polygon data whkh was texture h™ Jlf '^^T^-f ""^ f ^et edge and 

mapped can be also stored inlo an external memory appa- S .^Li^"'' "T"^ ? h °T f '"'vf'" 

ratus such as a bard disk 6 or memory 7, a floppy disk '° t^^^^ °^ " ^ T \ J \^"' 

inserted in the FDD 2. or an MO inserted i; the MO drive 'Jrn ° ~. h ?h ^ f '^^^ '"'^^ t TT''' 

3. The derived data can be also suppUed and stored to ^"""e^.'""""' the term S, is larger than that by the term 

another computer system through the network. S'.hel hLt^°°,'" h ' "'"''''T"' ""'F''"'' 7"^'^ f 

TT. • ,u 1. 1. L °^ Similar shapes and areas, for example, in the 

hJ^l rwi'!f^ Vt "^""^ are executed mamly 55 model shown in FIG. 3A, the change amount by the term V, 

by the CPU 4 m the hardware structure of no. 2. Instruc- is larger than that by the term S.. 

^Tfrnl ,h • T *^Pf°^,^^« ''f^ The value of the equation (1) is calculated with respect to 

^nt from the mpul such as a keyboard 1 or the like to the each of the edges constructing the polygon model and the 

■ evaluation value for each edge is obtained. In step S3, the 

Processes regardmg a model approximation will now be 60 calculation values are sorted in accordance with the values 

described. As mentioned above, the approximation of the and the edge having the minimum evaluation value is 

polygon model is executed by repeating the edge removal. selected, thereby obtaining the edge whose contribution lo 

In this instance, small convex and concave components the model shape when the edge is removed is the smallest 
which do not contribute to the general shape of the model are When the importance of the edge is evaluated in step S2 

judged and edges which should be preferentiaUy removed 65 the length of edge is considered. When the evaluation valued 

are determmed on the basis of the judgement result. In order are the same, the shorter edge can be also set as a target to 

to select the edges which are preferentially removed, the be removed. 
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Although the local evaluation value in the polygon model Vj is formed in a convex shape including the outer edges of 

IS obtained by the equation (1), each edge can be also and v^. HG. 5B shows a case where the edge e(v v-) 
evaluated by a value obtained by adding the evaluation is between the upper and lower directions of the outer edges 

values of the peripheral edges to the evaluation value of a of v, and v^ forming an S shape. In FIGS. 5A and 5B v' 

certain target edge. In this case, the evaluation can be 5 indicates a vertex to be left. 

performed not only with the peripheral shape of one edge but In FIGS. 5A and 5B, areas S, and shown by hatched 

also with the shape or a wide range. When the area which the regions show volume change amounts when the edge e(v 

user wants to evaluate is wide as mentioned above, the Vj) is removed and the vertex v' is left. The vertex V which 

calculation range of the equation (1) can be widened in is left after the edge t{v,, v^) was removed is positioned 

accordance with such a wide area. lo where the volume change amount S, on the vertex v, side 

In addition to the evaluation value simply derived by the and the volume change amount on the vertex V2 side arc 

calculation of the equation (1), the user can give the evalu- equal. By arranging the vertex to the position where the 

ation value or can operate the evaluation value. Therefore, volume change amounts on both sides of the removed edge 

when there is a portion which the user wants to leave intact e(v„ v^) are equal as mentioned above, the shape after the 

without approximation or a portion which he, contrarily, 15 edge removal can be approximated to the original shape 

wants to approximate, the intention of the designer or Although the vertex v, which is left and becomes a new 

operator can be reflected in the approximating process by vertex is arranged lo the position where the volume change 

designatmg such a portion. In this case, the evaluation value amounts on both sides of the edge are equal irrespective of 

is detcrmmed by executing a weighted addition by giving a the peripheral shape of the edge which is removed in step S5 

weight coefficient to each of the value operated by the user 20 in the above description, the invention is not limited to the 

and the calculated evaluation value. example. For example, the vertex v' can be also arranged at 

In this case, the approximation m which the imention of a position where the volume change upon edge removal is 

the designer is reflected can be performed by giving a weight the minimum. As mentioned above, the method of arranging 

coefiBcient, for example, by giving weight to the evaluation the vertex v' to the position where the volume change 

value designated by the user. On the contrary, when a large 25 amounts on both sides of the edge are equalized and the 

weight is given to the evaluation value obtained by the method of arranging the vertex v' to the position where the 

calculation of the equation (1), an accurate approximation volume change is the minimum can be selectively used in 

can be performed by a quantitative evaluation of the volume accordance with a desire of the user, 

change in shape. In this manner, the change in shape can be In consideration of the peripheral shape of the edge, when 

freely controlled by the weighting process. 30 the shape has a concave or convex shape, the vertex V can 

When the evaluation values for the edges of the polygon be also arranged at a position where the volume change after 

data are obtained in step S2 as mentioned above, the the edge removal is the minimum. When the periphery has 

obtained evaluation values are sorted and the edge having an S-character shape, the vertex v' can be arranged at a 

the minimum evaluation value is selected in step S3. When position where the volume change amounts on both sides of 

sorting the edges, for example, a quick sorting as a known 35 the edge are equalized. In this case, the position of the vertex 

technique can be used. Other sorting methods can be also v' is deviated to either one of the ends of the edge in the case 

obviously used. Since the sorting methods including the of the concave or convex shape. In case of the S-character 

quick sorting are described in detail in "Algorithm Dictio- shape, the vertex v' is arranged in the middle of the S 

nary" published by Kyoritsu Publication Co., Ud. or the character. Thus, both of an effect to suppress the volume 

like, the description is omitted here. ITie selected edge 40 change and an efl;ect to absorb the continuous changes like 

having the minimum evaluation value is removed in step S4. an S character by the plane can be achieved. 

Although the case where the edge having the minimum For example, an area having a small S-character shape 

evaluation value is simply removed has been described here, like a saw tooth can be approximated by one plane in a 

the removmg order of the edges or the edge which is not general shape. A portion having a large change except the 

removed can be also arbitrarily designated. When the edge 45 S-character shape can be approximated by a shape which is 

is not removed, there is no change in shape of such a portion. closer to the original shape. In the approximation in which 

For example, m the case where it is desirable that the shape the shape has a priority, such a setting is also possible. The 

IS not changed, like a portion in which two models are in approximating methods can be selectively used in accor- 

contact each other, it is sufficient to set a portion where no dance with the intention of the user, 

edge is removed. 50 It is also possible not to change the vertex position 

When the edge is removed in step S4, the vertices (v, and remaining after the edge removal fi-om the vertex position 

V2 in this case) constructing the edge are lost. In step S5, before the edge removal. That is, in the example shown in 

therefore, a new vertex position in association with the edge FIGS. 4A and 4B, after the edge e(v„ V2) was removed, only 

removal is detennined. FIGS. 4A and 4B show examples of the vertex v, is left as a new vertex v' without changing the 

the vertex position determination. After the edge was 55 position from the position before the removal. This is 

removed, either one of the two vertices constructing the edge eflfective means when it is desirable not to move the position 

is left. In this case, the edge e(Vj and V^) in a layer N in FIG. of a target vertex because the target vertex exists at a contact 

4A is removed, thereby obtaining a layer (N+1) shown in point with the other model or the like. 

FIG. 4B. The vertex Vj remains and becomes a new vertex When the edge is evaluated and removed and the new 

^ • . 60 vertex in association with the edge removal is determined in 

In this instance, the shape after the edge removal is the steps up to step S5, a process regarding the texture 

changed depends on the position of the vertex v, which adhered to each plane of the polygon model is executed in 

remains. FIGS. 5A and 5B show examples of a method of step S6. FIGS. GA and 6B schematically show examples in 

determining the position where the vertex to be left is which image data (texUire) is allocated to a certain plane on 

located. FIGS. 5A and 5B show cross sectional views of an 65 the polygon model. FIG. 6A shows a polygon model itself 

edge shape in the polygon data, ^fhat is, FIG. 5A shows a comprising vertices to V3. It shows that when an edge 

case where the edge e(vj , v^,) bounded by the vertices v, and e(V3, V^) shown by a broken line is removed from the model 
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shown m the left diagram, the model is approximated to a texture shown in FIG. 6B, an image existing at the position 

m^^r^T" diagram. of the face corresponding to the triangular plane including 

HG. 6B shows a stale in which a texture is adhered to the the removed edge q(V^, V^) cannot be adhered to the model 

polygon model shown in FIG. 6A. In this instance, for easy With respect to an original polygon model shown in FIG 

understanding, image data based on a portrait is used as a 5 8A, for example, when the coordinates vt^ on the texture 

texture. Coordinates vt, to vtg in FIG. 6B correspond to the aUocated to the vertex v^ are made correspond to the 

vertices V, to Vg in FIG. 6A, respectively. FIG. 6B, therefore. remaining vertex V3 side from the integration relations of 

shows that the coordmates vt^ to vtg in the diagram on the vertices after the removal of the edge e %vithout considering 

left side are changed as shown ma diagram on the right side the image data allocated to the triangular plane which 

in association with the removal of the edge e(V3, V^) in FIG. 10 disappears at the time of the removal of the edge e(V3, V,), 

the portion of the face disappears as shown in FIG, 8B. 

The vertex Vg is removed by the approximation of the Further, when the coordinates of Vt3 before the edge 

polygon model and the two vertices V3 and v^ in this model removal are succeeded as they are after the edge removal 

are mlegrated to one vertex V3. In association with it, by without considering the integration relation of the vertices at 

removing the edge e(v3,V6) comprising V3 and vg, triangular 15 the U me of the removal of the edge e, as shown in FIG 8C 

areas on both sides including the removed edge are lost. In since the coordinates of the vertex V3 change after the 

this instance, unless the loss of those triangular areas is removal of the edge e and an area of each plane changes, the 

considered, the image data comprising the texture coordi- resultant image to which the texture was adhered is dis- 

nates Vts, Vt^, and Vt^ and the image data comprising Vt3, torted. That is, the texture data also needs to be changed in 

VI5 and Vte are lost. 20 accordance with the change in plane and change in model 

As shown by the texture m the diagram on the right side vertex position due to the edge removal, 

in FIG. 6B, therefore, it is necessary to execute an integra- When the texture is adhered to the polygon model, there 

tion and a position movement to the texture in accordance is a case where not only one texture but also a plurality of 

with the approximation of the edge removal. Thus, the dififerent textures are allocated to the model. In this case, a 

continuous image data on the approximated model surface 25 boundary in which the texture is switahed from a certain 

can be reproduced. texture to another texture exists. 

In this example, the vertices V3 and Vg are integrated on In case of adhering the texture to the polygon model as 

the polygon model and the vertex V3 remains. The remaining mentioned above, the texture is allocated to each vertex of 

vertex V3 is set to a vertex V3'. The position of the vertex V3' the model. Even in the boundary of the texture, therefore, the 

is arranged at a predetermined distribution ratio t on the 30 boundary is aUocated to each vertex constructing the edge of 

coordinates between the edge e(v3, v^) comprising V3 and v^ the model. Further, as mentioned above, the approximation 

before approximation. In this case, the coordinates of the of the model is performed by repeating the edge removal 

vertex V3' can be calculated by ((l-t)xV3+txV^. When only a desired number of times. In this instance, if the 

0=t=l, the distribution coefficient t exists on the edge texture area allocated to the edge as a target of the removal 

straight line of the edge e(v3,vj before approximation and, 35 is in the texture, as shown in FIGS. 6 and 7 mentioned 

when t<0 or l<t, t exists out of the edge e(v3, v^). By above, the model can be approximated while holding a 

changing a value of t, therefore, a shape change amount after continuity of the image. 

. the model was approximated by the edge removal can be However, when the area of the image allocated to the edge 

controlled. as a removal target exists just on the boundary of the image. 

As mentioned above, the vertices V3 and v^ are integrated 40 the polygon model is approximated by the edge removal and 

on the polygon model and are set to the vertices V3' and V3' since the vertex position is moved, a plurality of textures are 

Ls arranged between the vertex V3 and the vertex v^. The mixed and the appearance of the texture is broken. To 

texnire coordmates vt3 and vt^ corresponding to those two prevent this, it is necessary to make a discrimination so as 

vertices are, therefore, also integrated to the coordinates Vta not to break the image boundary at the time of the edge 

after approximation and are set to coordinates vtj'. The 45 removal and to decide sizes of a change of the ouUine 

coordinates vt3' are arranged between the coondinates Vi^ portion by the edge removal. 

and vt^ before approximation. As shown in FIG. 9A, two different textures comprising 

HGS. 7A and 7B schematically show the integration of an image of a hatched portion and an image of a face arc 

vertices and the integration of texture coordinates in asso- both adhered to one polygon model, FIG. 9B shows a certain 

ciation with the edge removal. FIG. 7Ashows an example in 50 continuous edge train in the model shown in FIG. 9A. In the 

which the integrated vertex is arranged to the position model shown in FIGS. 9A and 9B, for example, when the 

calculated by ((l-t)xv3+txv6) in association with the edge e^. V5) comprising the vertices v^ and V5 is removed 

removal ofthe edge e(v3,V6). A distribution of the remaining and the vertex v^ is left after the removal, when executing 

texture coordinates can be obtained in a manner .similar to a process to arrange a vertex v^ based on the vertex v^ to the 

the arrangement of the vertex Vg' based on the distribution t. 55 middle position of the edge Q(y^, Vj) as a removal target, an 

That IS, as shown in FIG. 7B, as for the distribution of the outUne portion of the edge changes as shown in FIG 9C. 

remammg texture coordinates Vtj', by calculating ((l-t)x In this case, since the outline portion of the face image has 

Vta+txVtg) in a manner similar to the distribution t between also been adhered to each of the vertices V3 to v^, as shown 

the above vertices V3 and v^, an image can be distributed in in HG. 9D, the shapes of the two adhered images are broken, 

a form according to a change in model shape to which the 60 In this example, the shape of the lower portion of the face 

image is adhered. Thus, as shown in the diagram on the right picture is largely changed and the image of the hatched 

side of FIG. 6B, the textures can be continuously adhered to region increases. As mentioned above, in the edges of the 

the polygon model. model to which the outline portion of the image is allocated. 

In this instance, when the position of the coordinates Vt3 if the edge removal is simply repealed as mentioned above, 

of the texture data corresponding to the vertex V3 on the 65 the quality after the approximation is deteriorated, 

polygon model is not changed in accordance with the change To prevent this, a removal evaluating function of the edge 

in model shape as mentioned above, for example, in the as a boundary portion of the texture is introduced and when 



us 6,396,952 Bl 
11 12 

the shape of the texture boundary is largely changed by the with a small number of modeb, it is sufficient to interpolate 

T°J ' "■ ""^f^y '° of following the model among the discrete layers and to obuin the model 

methods. Namely, as a first method, the relevant edge is not of the middle layer 

IZZIa ^ ' ''T'' ""'^"^Z """pl*. to e^inpfe shown in FIGS. 4A and 4B 

removed, a movement amount of the vertex position after < mAntinn>/i »k«.,. f. .u ^ / \ 

the removal is adjusted. The following equation (2) is used ' ^'Tenl.^^^^^^^ ^ u T u^" 

as a removal evaluating function of each edge in this 'onsMer h e v . t ^T"" 1' 'I 

instance. FIG. 10 shows a diagram for expllining the '^^^ ^^e vertices v, and v, ,n the edge e(v„ v,) 

equation (2). approach each other and become the vertex v'. Namely, the 

vertices v^ and v^ are consequently integrated to the vertex 
Ft \ -ViN ' a^i ^ mentioned above, since the correspondence relation of 

W - 2j levi - £) X Li\ w vertices before and after the edge removal is known, the 

data between the data before and after the edge removal can 
be obtained by an interpolation from the data before and 
In the equation (2), E denotes the vector having the ^^^^^ ^^e edge removal by using the correspondence relation 
direction and length of the edge e, Ni indicates the normal 15 of the vertices. 

vector of the edge, and Li the length of edge. A range of i Such a forming method of the approximated model in the 

corresponds to the whole edge of the boundary lines existing middle layer between the discrete layers has akeady been 
before and after the edge as a removal target. The equation described in detail in Japanese Patent Application No 
(2) denotes an area change amount when the edge of the 6-248602 regarding the proposition of the present inventors 
boundary portion is removed. Therefore, when the calcula- 20 FIGS. IIA to IIC show the formation of the approxi- 
tion value of the equation (2) is large, a change of the outline mated model of the middle layer using the correspondence 
portion by the edge removal is large. relation of the vertices between two layers as mentioned 

Namely, when the calculation value of the equation (2) is above. In HGS. UA to IIC, a layer before the edge removal 
large, the area change in the outline portion of the texture is set to a layer N as shown in FIG. UAand a layer after the 
increases, so that there is a fear of occurrence of the 25 edge removal is set to a layer N+1 as shown in FIG. UC 
breakage of the texture shape. To prevent this, there is a thereby obtaining a model of a middle layer N' shown in 
method whereby the relevant edge is not removed like the FIG. 6B from those two layers. 

foregoing first method. However, like the foregoing second In the example, the vertices Vj, and bounding the edge 
method, there is also a method whereby the texture coordi- e(vi, Vj) of the layer N are integrated to in the layer N+1 
nates after the edge removal are moved within a range where 30 and the deleted vertex is integrated to v^. From the 
the value of the equation (2) is smaller than the designated correspondence relation of the vertices, in the middle layer 
value, thereby consequently decreasing the change amount N', the positions of vertices v,' and V^' bounding an edge 
of the outhne portion. By using the second method, the e'(v/, V^') corresponding to the edge e(vj, v^) of the layer 
breakage of the texture after the approximation can be N can be obtained by the linear interpolation between the 
suppressed. 35 layers N and N+1. Although the example in which one 

As mentioned above, the approximated polygon model to middle layer is obtained is shown here, a degree of linear 
which the texture having a desired precision is adhered can interpolation is changed in accordance with a desired num- 
be obtained. In this case, when the texture is adhered to the ber of middle layers and a plurality of middle layers can be 
original model, there is no need to again adhere the texture obtained, llie formation of the approximated model of the 
to the model after completion of the approximation and the 40 middle layer can be performed in a real-time manner in 
approximated model with the texture can be automatically accordance with a situation in which the model Is displayed. 

Although the case where the approximated model of the 

As mentioned above, the approximated model obtained middle layer is formed and displayed in a real-time manner 
by repeating the processes in steps S2 to S6 is stored in the while displaying the model has been described here, the 
external storing apparatus such as hard disk 6 or memory 7. 45 invention is not limited to such an example. For instance, it 
However, when displaying in step S8, the approximated is also possible to practice the invention in a manner such 
model stored in the external storing apparatus is read out, that the approximated model of the middle layer is previ- 
drawn, and displayed to the display apparatus 8. As akeady ously formed and stored in the external storing apparatus 
described in the foregoing prior art, in this display, for and the stored approximated model of the middle layer is 
example, when the model is displayed as a small image on 50 read out at the lime of the display, 
the picnire plane because it appears at a remote location or Although the case where one edge is removed has been 
when the observer fails to notice the model because it is out mentioned as an example here, since the edge removal is 
of the target point on the picture plane, the model is switched repeated a plurality of number of times in the apprDximation 
to the model of a layer that was approximated and the image of the actual model, one vertex of a certain layer corresponds 
is displayed. 55 to a plurality of vertices of another layer which is closer to 

Upon switching to the approximated model, if the model the original model. By using the correspondence relation of 
is suddenly switched to the model in which a degree of the vertices in those two layers as mentioned above, the 
approximation largely differs, a sudden change occurs in the vertices of the model can be made to correspond among all 
shape of the displayed model at a moment of the switching of the layers. The model of the middle layer is obtained on 
and a feeling of disorder is given to the observer. 60 the basis of the correspondence relation of the vertices 

To prevent that feeling of disorder, it is sufficient that a derived as mentioned above, 
number of models whose approximation degrees are slightly As mentioned above, since the coordinates of the image 
changed are prepared and stored into the external storing data in the texture are allocated to each vertex of each model, 
apparatus and the display is performed while sequentially in a manner similar to the case of the vertices of such a 
switching those models. In this case, however, since an 65 model, the model to which the texture was adhered in the 
amount of models to be stored increases, it is not efficient. middle layer can be obtained by the interpolation of the 
Therefore, to realize a smooth continuous conversion even texture coordinates vt^ and vi^ allocated to the vertices Vj 



